In tr odu ction
High power ultrasound is expected to be applied to many material processing operations. Some preliminary studies on refinement of the grain size of metallic materials with ultrasonic irradiation during solidification have been carried out. And it is recognized that the mechanical properties of metallic materials could be improved because of refinement of their grain sizes. 1) In this study, high power ultrasound is indirectly irradiated into the molten Wood's alloy before solidification. It is to be noted here that ultrasound is irradiated into molten metal not during but before its solidification. Textures of quenched samples are observed by SEM after cutting and polishing. On the basis of the results, effect of pre-irradiation ultrasound before solidification on primary nucleation process is investigated.
2. Expe r im e n ta l Se tu p T he experimental setup is shown in Fig. 1 . The molten Wood's alloy (Bi 50 %, Pb 24 %, Sn 14 %, Cd 12 %) of 10 g was charged into a glass test tube initially filled with Ar gas. T he inert atmosphere in the test tube prevented the molten alloy from being oxidized. T he superheat of molten Wood's alloy was a bout 25 K above its melting point of 344~349 K so as to prevent its surface from being preliminarily solidified. The test tube was inserted into the water bath whose temperature was kept constant above the melting point of the alloy. Ultrasound generated in the water bath by a cylindrical ultrasonic transducer horn (TEL SONIC MR6-20-1400R) was indirectly irradiated into the molten alloy in a optional time schedule (30 s, 60 s, 300 s) before solidification. After ultrasonic irradiation, the test tube including the molten alloy was Fig. 1 Experimental setup for ultrasonic solidification was rapidly quenched in an ethyl alcohol bath involving dry ice particles. T he temperature of this bath was maintained at about 200 K. Another quenched sample without ultrasonic irradiation was also produced under the same cooling conditions for comparison. By these operations, the generation of solidification nuclei caused by surface oxidation and cooling is possibly inhibited.
From SEM image analysis, grain sizes of Cd-rich and Sn-rich phases of Wood's alloy are measured.
3. Re su lts a n d Discu ssion Fig. 2 shows SEM images of microstructures of Wood's alloy after solidification with or without ultrasonic irradiation. Irradiated time is 0 and 300 s, respectively. The eutectic structures shown in Fig. 2 consist of four kinds of phases. The solidification of these phases should proceed according to respective melting point.
2) The needle-like eutectic structures (k) shown in Fig. 2-(a) represents Cd-rich phase. The dark gray colored eutectic structures (l) shown in Fig. 2-( matrix structures (m) consist of Pb-rich and Bi-rich phase as already described by the present authors.
3)
From Fig. 2-(a) , the length of Cd-rich phase (k) with ultrasonic irradiation for 300 s is shorter than the length without ultrasonic irradiation (0 s). From Fig. 2-(b) , the area of Sn-rich phase (l) with ultrasonic irradiation for 300 s is smaller than the area without ultrasonic irradiation (0 s). In order to investigate the influence of ultrasonic irradiation before solidification on microstructures, the average length of Cd-rich phase (k) shown in Fig. 2-(a) and the average area of Sn-rich phase (l) shown in Fig.  2-(b) are quantitatively investigated from SEM image analyses. Fig. 3 shows relation between the average length of a needle-like Cd-rich phase and the ultrasonic irradiation time. It is apparent that the length of Cd-rich phase is shortened by irradiating ultrasound before solidification. In addition, the longer is ultrasonic irradiation time, the shorter is the length of Cd-rich phase. Fig. 4 shows relation between the average area of a Sn-rich phase and the ultrasonic irradiation time. The area of Sn-rich phase also decreases by irradiating ultrasound. T herefore, it turns out that it is possible to refine grain size of microstructures by irradiating ultrasound before solidification. As a reason of this conclusion, it is considered that many cavitation nanobubble s which should generate during ultrasonic irradiation were kept in the molten metal after ultrasonic irradiation and they supplied the sites to from many solidification nuclei. 
C on clu sion s
In this study, experiments on ultrasonic solidification were carried out using Wood's alloy. Effect of irradiating ultrasound before solidification on solidified microstructure of the alloy was compared with that for a sample without ultrasonic irradiation. Grain sizes of Cd-rich and Sn-rich phases of Wood's alloy were measured by SEM image analyses. Both sizes decreased by irradiating ultrasound before solidification. This new finding can be attributed to the fact that the cavitation nanobubble s which generate during ultrasonic irradiation can supply many sites to form solidification nuclei resulting in small grain sizes.
Re fe r e n ce s
